ABSTRACT γIn 2 Se 3 is selected as a thermoelectric candidate because it has a unique crystal structure and thermal stability at relatively high temperatures. In this work we have prepared lithiated γ  
Introduction
Thermoelectric (TE) materials have attracted much attention in recent years that they are capable of harvesting huge amount of waste heat by converting heat into electricity. However, the conversion efficiency is still low and high performance TE materials are limited up to date.
Although many compounds, such as PbTe  , 1, 2 SnSe, 3 . 20 In addition, the impurity occupation in the cation sites could induce the shift of the Fermi level (F r ), thus engineering the band structure. 21 Therefore, the impurity doping in γIn 2 Se 3 have a profound impact on the structure and TE performance of the host materials.
In this work, we have prepared lithiated γ  In 2 at~923 K. This value is 9~10 times that of pristine γIn 2 Se 3 , proving that lithiation in γIn 2 Se 3 is playing a great role to improve the TE performance.
Experimental
Sample preparations Two elemental powders of In and Se with the purity of more than 99.999% were loaded into the vacuum silica tube, according to the stoichiometry In 2 Se 3 , and melted at 1273 K for 10 h followed by cooling to 950 K and holding at this temperature for 168 h, then cooled to RT rapidly.
The as  solidified ingots were pulverized in agate mortar and then ball milled in stainless-steel bowls containing benzinum at a rotation rate of 350 rpm for 10 h. A pure γIn 2 Se 3 powder was obtained using above technologies.
Prior to lithiation via chemical diffusion, the powder of γ  In 2 Se 3 was sorted by using 200 mesh, thus allowing the powder with the size of~20 μm to be obtained. Subsequently, the sorted powder was soaked in the lithium acetate (CH 3 COOLi) solution 
Results and discussions
Structural analyses 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 60 Inset in Fig.5c is the total thermal conductivities (κ), which bear a resemblance to the κ L . An exception is that the κ values for most samples increase with temperature increasing at high temperatures. We believe that the increased κ values at high temperatures should not come from the contribution of bipolar effect, 31 because it is usually difficult to observe the bipolar effect in the wide gap semiconductors, like γ  In 2 Se 3 with E g >1.0 eV from calculation and 1.9 eV reported. 16 In this regard, we speculate that there is an another contribution in the Combined with the three physical parameters (α, σ, κ), the dimensionless TE figure of merit (ZT) (C┴) can be obtained. As expected, the ZT value increases with lithiation temperature increasing until the lithiation temperature 50 C o is reached (Fig.5d) (Fig.6a) , while the electrical conductivity increases (Fig.6b) . Similarly, the sample with the lithiation time of 30 h gives relatively low lattice contribution (κ L ) (Fig.6c) and total thermal conductivities (κ) (inset in Fig.6c between the heating and cooling cycles (Fig.7a and   b ), but the thermal conductivities (κ) are a little higher than those from the heating cycle (Fig.7c) , an inset in Fig.7c is the lattice contribution κ L . The resultant ZT values in the cooling cycle are about 20 % lower than those in the heating one above 810 K (Fig.7d) . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 7 Li + (J Li+ ) should be equal to that of electrons (J e  ) upon equilibrium, J Li+ = J e (2) This suggests that the charge transferring between guest species and host structure are lithiation temperature and time dependent. This explains why the highest carrier concentration has observed under the specific lithiation condition (Fig.4) .
In order to further elucidate the origin of the (Fig.4) . Inset in Fig.10a is the unit cell 
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